AND CONCLUSIONS
INTRODUCTION
The processing of information within the visual system depends not only on the physical properties of the visual scene but also on the behavioral context imposed by the observer's state. Attending to simple physical properties of stimuli can remarkably influence both the perception of figure /ground relationships and the performance of simple visual search tasks. Evidence from psychophysical studies employing detection and discrimination of simple stimulus features suggests that attentional factors operate quite early in the cortical processing of visual inforrnation ( Beck 1982; Julesz 198 1; Treisman and Gelade 1980) . There is some evidence that at these early stages the action of attention is to process all information within a restricted locus rather than to process a particular stimulus dimension or feature (Bergen and Julesz 1983; Treisman 1982 Treisman , 1985 . Other studies have demonstrated the spatially restricted nature of focal attention by using cuing techniques that direct attention to specific peripheral locations before stimulus presentation. Under these conditions, changes in visual sensitivity within restricted locations of the visual field can be observed (Eriksen and Hoffman 1972; Posner et al. 1980) .
Because a neuron's stimulus processing is restricted to its receptive field, neurophysiological studies have been able to use spatial selectivity to distinguish between attention directed at the stimulus site and more general state changes. Spatial selectivity at the neural level is defined as the occurrence of a differential response to a stimulus when attention is directed at that stimulus compared with when attention is directed at a different but simultaneously present stimulus. This distinction has been widely used as a control in visual orienting studies to identify response changes correlated with the selection of stimuli for visual processing. Spatially selective responses to stimuli that are the targets for eye movements or other shifts of attention have been observed in several cortical areas, including parietal, temporal, and frontal cortex as well as extrastriate cortical area V4 (Fischer and Both 198 1; Wurtz et al. 1980; Yin and Mountcastle 1977 ) . Similar investigations, however, have failed to show spatially selective processes correlated with shifts of attention in cortical areas V 1 or V2 (Mohler and Wurtz 1977; Robinson et al. 1980) .
The absence of neurophysiological evidence for directed attentive mechanisms in VI and V2 is a critical result because it indicates that analytic mechanisms in early visual processing are far less subject to attentive influence than has been suggested by psychophysical studies of elemental perceptual features. It is possible, however, that the visual orienting tasks that have been used may not engage the same attentive mechanisms that are associated with identification and discrimination of stimuli or that the simple lumi-nance changes employed in those tasks do not require Vl processing (Mohler and Wurtz 1977; Sagi and Julesz 1985; Shaw 1984) . The goal of these experiments was to reexamine the issue of focal attentive processing in VI, V2, and V4 with the use of a paradigm developed to emphasize feature processing aspects of focal attention. A bar orientation discrimination task was chosen because sensitivity to stimulus orientation is a dominant property of cortical neurons and because orientation sensitivity initially emerges in the visual processing of area V 1. In addition, target stimuli were routinely presented in the presence of competing stimuli because the recognition of single stimuli presented against blank backgrounds benefits relatively little from focal attention compared with the recognition of single stimuli presented within scenes containing competing stimuli (Andriessen and Bouma 1976; Engel 197 1; Grindley and Townsend 1968; Shaw 1984) .
METHODS

Behavioral paradigms
Rhesus monkeys were trained to perform two visual tasks requiring visual fixation and bar orientation discrimination. The first of the two major paradigms (Fig. 1 , Zefi) was used to characterize the response properties of each neuron. The behavioral task required the discrimination of the orientation of a bar stimulus presented over a central fixation target. The animal was trained to fixate a small spot target on its appearance and depress a behavioral key (A ) . A variable period of time then elapsed during which single stimuli presented in the periphery were used to map and characterize the receptive-field response (B and C). Throughout this period the monkey had to maintain fixation and hold the bar depressed until the appearance of a small bar that was superimposed on the fixation target (D). The animal then released the key and pushed a righthand button if the central bar tilted to the right and a lefthand button if the bar tilted to the left. The buttons were located in front of the key and below the line of sight to the display screen. Behavioral reaction times, defined as the time between bar presentation and button push, had to be ~600 ms to be scored as correct.
During the trial the monkey had to ignore peripheral stimulus presentations.
Flashed stimuli (200-ms duration) presented against a blank background were used to map receptive-field location and determine the neuron's orientation sensitivity, color, and size preference in a computer-controlled series of trials. Manually controlled moving stimuli were used to estimate motion and directional sensitivity.
Once the receptive-field location and an optimal stimulus was identified, a second paradigm (Fig. 1 , rQ$zt) was used to study the effect of focal attention on the response of each neuron to stimuli presented within the receptive field under two principle conditions: I) when attention was directed toward the receptive field and 2) when attention was directed away from the receptive field toward a different site. The behavioral task was also a bar orientation discrimination task, but the target was a peripheral stimulus that appeared in an array of stimuli having different orientations. After the monkey depressed the behavioral key and was fixating the central fixation point (A), an array of small dot cues was presented (B), each cue marking a peripheral location where the target stimulus could occur. If the cue actually evoked a response from the neuron, either the contrast of all cues were changed or the cues were moved out OS-1 .O" further eccentrically to avoid a cue response. After a variable period of time (400-1,000 ms) all but one cue was extinguished (C). The remaining cue marked the position of the target stimulus for a variable period (200-400 ms) After establishing central fixation and pulling back a behavioral key (A ), an array of cues appear designating all possible stimulus locations for the trial (B) . After a random interval (400-1,000 ms) all but 1 cue is turned off(C).
The remaining single cue marks the location of the stimulus (appearing in 0) for which the subject must make a discriminative response by releasing the key and pushing the righthand or lefthand button as above within a reaction time window. During this paradigm the animal fixates the central target but attends at the peripherally cued target location. The figure is not scaled to proportion.
before the appearance of the stimulus array. The array was presented for 200 ms after which the field was blank except for the fixation target. The monkey released the key and indicated the tilt of the target stimulus by pressing either the righthand or lefthand button. Reaction times from stimulus onset to button push were typically in the range from 320 to 470 ms. The cue, and thus the correct target location, could be located at any position in the array. This feature permitted attention to be directed to the receptive-field location in some trials and away from the receptive-field location in other trials. The cuing method was developed to provide a peripheral cue that marked the location to which focal attention was to be drawn and yet avoid a stimulus transient in or near the receptive field of the neuron just before stimulus array presentation. This method is similar to the "decoy" method presented by Nakayama and Mackeben ( 1989) . A pseudorandomized, rather than blocked, presentation strategy was used (Posner et al. 1980) . In the directed attention task an array of stimuli ( Fig. 1 D, right) was presented on 85% of the trials. In the remaining 15% of trials, a single stimulus was presented in several control formats discussed below. The array consisted of three to eight bar stimuli, physically identical except for orientation.
The stimuli were equally spaced along an imaginary circle that was centered on the fixation point and passed through the center of the receptive field of the neuron under study. One of the array stimuli was always centered in the receptive field during its presentation. For each neuron a set of bar orientations was selected on the basis of the neuron's orientation tuning curve obtained in the first paradigm and paired with several matching orientations mirrored across the vertical to provide a balanced set for behavioral discriminations.
Orientations were assigned to array locations on the basis of a random permutation sequence.
In 15% of the trials, only a single stimulus was presented, always in the receptive-field location. These trials were used to provide controls, both physiological in terms of the number of stimuli in the field and behavioral in terms of the performance of the attention tasks. On one-half of these trials (7.5%), cuing was the exact same "valid" cuing as for array trials. For the other 7.5% of trials (termed the "spatially neutral" condition), the cue array was not reduced to a single cue, and therefore attention could not be directed to the receptive field before the stimulus was presented. An additional control used occasionally was to cue an incorrect location. Because only one stimulus was presented, the monkey could nevertheless respond correctly in this "invalid" cue condition. Increased reaction times in either of these latter conditions compared with the standard correct cuing condition provides evidence of selective attending (Posner et al. 1980 ). There was an overall bias in the selection of target location in favor of the receptive-field location in the selection of target location (40% probability), but it was unpredictable from trial to trial. Behavioral performance did not reflect any target location bias.
Stimulus presentation
Stimuli were generated by the use of a Raster Technologies Model One/ 10 display unit hosted by an PDP 1 1 / 34 computer. The stimuli were displayed on a Mitsubishi C6922 monitor located 60 cm in front of the monkey. The display resolution was 18.3 pixels / deg at screen center. Stimulus timing and eye position sampling were locked to the 60-Hz frame rate of the display system. Flashed stimuli of 200 ms in duration were used throughout the experiments.
The stimuli consisted of rectangular bars of various sizes, orientations, and colors presented against a gray background of 7.5 cd/ m2. The fixation target was a small vertical bar (0.25 X 0.1 O ). The cues were small squares (0.1 X 0.1 O ). Both fixation target and cues were usually black. In the first paradigm the discriminative target superimposed on the fixation point was a yellow bar of 0.6 X 0.1 O. Color selection was limited to the three primary colors and their three simple combinations plus black and white. Each neuron was tested for color preference by the use of a single set of colors, plus white, set to equal luminance values. Colors were adjusted to an average value of 34 cd/m2 by comparisons of the frame averaged values obtained from integrating the output of a EG&G model 450 photometer fitted with a photometric filter.
Data collection
The impulse activity of single cortical neurons was recorded with glass-coated Eligiloy microelectrodes inserted transdurally into the cortex with a Chubbuck-type microdrive. Standard electrophysiological equipment was used to amplify and discriminate the neural spike waveforms. Recording chambers placed over each hemisphere permitted data to be obtained from cortical areas VI, V2, and V4 during the course of several months. Recording chambers and the head fixation peg were embedded in an acrylic base anchored to the skull with screws by the use of standard sterile surgical procedures. The physiological observations reported were obtained in three animals. An additional monkey was used in developing the various paradigms.
Each animal viewed the display monitor binocularly through an infrared reflecting mirror placed directly in front of its eyes. The horizontal and vertical position of the left eye was recorded with an infrared cornea1 reflection oculometer. Calibration (methods given in Motter and Poggio 1984) was established and checked each day by having the animal fixate a series of targets on a 2 or 4O grid. Computer software monitored eye position and immediately terminated any trial in which eye position exceeded a 1 O window about the fixation point. Eye blinks also terminated trials. Eye movement and blink errors usually occurred late in a daily session and accounted for -5% of attempted trials; errors were not related to cue location. The monkeys worked daily for -1,200-l ,400 trials, during which time neurons were isolated, receptive-field characteristics determined, and the attention conditions studied. A complete study required -400 trials over the course of 1 h. Correct responses were rewarded after each trial. Animals were maintained on a controlled liquid intake schedule and received their baseline amount each day either in the course of working on the tasks or supplemented afterward. Animals received weekly holidays from the schedule.
All experimental control and data collection were handled by a PDP 1 1 / 34 computer and custom software. On-line raster, histogram, and statistical evaluations of spike data provided summaries that were used to guide the study of each neuron. Each series of stimulus conditions used a pseudorandomized sequence of timing and stimulus selection so that the monkey could not predict either the behavioral outcome or stimulus conditions for the next trial. During the first paradigm an orientation series consisting of eight orientations spaced at 22.5 O was run, and a best orientation estimate was obtained (Batschelet 198 1) . This orientation estimate as well as preferred color and stimulus size estimates were used to construct the stimulus set for the focal attention paradigm. The goal for each neuron was to study at least four orientations and two array sizes, a small array consisting of either three or four stimuli and a large array consisting of either six or eight stimuli.
Detailed summaries, graphics, and statistical evaluations were prepared after the end of the experiments. The response latency for each neuron was determined by consulting a combination of average response histograms and cumulative time histograms across stimulus conditions. Average response rates were then calculated on the basis of the initial 200 ms of the response. Raster displays for each condition were examined for response patterns. Comparisons between stimulus conditions for each neuron were made within an analysis of variance (ANOVA) design by the use of post comparisons (Tukey HSD) between attentive conditions for each orientation.
In addition, Mann-Whitney U tests were used as simple screen against outlier weighting.
Identijication of recording sites
After the last recording session the animals were deeply anesthetized with pentobarbital sodium, the dura was opened within the recording chamber, and reference pins were inserted into the cortex with the use of the positioning devices that set the coordinate grid for the microelectrode recording. The animal was then perfused with saline followed by buffered Formalin. Photographs of the reference pins and brain were made through the recording chamber, and the brain was removed and prepared for histology. Because recordings were made over several months, individual electrode penetrations could not be reconstructed histologically. Reconstruction of the penetrations was based primarily on the observed physiology and construction of topographic maps with the use of receptive-field locations referenced to the grid defined by the reference pins in the photos. All experimental protocols were approved by the Animal Care and Use Committees at the VA Medical Center and SUNY-HSC.
RESULTS
Behavioral performance on the conditions having single stimuli did reflect the differences expected in reaction time associated with valid and invalid cuing as reported by others (Posner et al. 1978) during the first few months of training on the directed attention paradigm. After each animal learned the basic task, reaction times began to shorten. During the further training required to adjust the animal to simulated experimental conditions (starting and stopping, switching paradigms, laboratory noise, etc.), all reaction times continued to shorten until eventually flooring out at an apparent minimum reaction time. Differences in reaction times between cuing conditions (and between the cuetarget intervals used) disappeared as this floor level was reached. Performance measures also stabilized across cuing conditions. Stable performance differences persisted only between single and multiple stimulus conditions. Single stimulus conditions averaged -95% correct for each condition, and multiple stimulus conditions averaged between 70 and SO%, depending on the specific orientations and array sizes employed. Continued correct performance was used as the primary measure of correct attending behavior. Each week during the experiment, a completely randomized target location and orientation series was obtained to verify continued correct performance. All animals received extensive training, usually completing 50,000 trials before the neurophysiological experiments were started. Single-unit recordings were obtained from neurons in three visual areas: striate cortex (V 1) and extrastriate cortical areas V2 and V4. Penetrations into Vl were made into the exposed surface of the occipital lobe in the lower contralateral representation of the visual field from 2 to 4" eccentricity. Area V2 was accessed by passing through Vl into the occipital opercular area underlying V 1. Receptive fields of V2 in this area are in the lower contralateral quadrant, somewhat larger and usually more eccentric than fields in the overlying Vl area. Figure 2 shows the field shifts encountered in one hemisphere. Below V2 a second field shift marks entry into the V3 complex. By staying anterior to the fundal area where V2 and V3 join, neurons could be reliably assigned to V2 on the basis of their position between the overlying white matter separating them from Vl above and the noncellular zone below V2 and before the V3 field shift. Penetrations into V4 were made into the exposed surface of the prelunate gyrus. Neurons in V4 with receptivefield centers in the lower contralateral field representation and located in the range of 4-8' eccentricity were studied.
Because the monkeys based their responses, as judged by reaction times, on the onset of the flashed stimuli, neurons with predominant offset discharge relationships and those that responded poorly to flashed stimuli were not studied. For the same reason optimal stimuli and field centers were based on onset discharge properties for all neurons studied. Figure 2 shows the receptive-field centers of fully studied neurons. Of 227 neurons isolated in Vl, 168 neurons responded well to the onset of stationary flashes used in these experiments, and 96 were held long enough to complete the focal attention paradigm. In V2, 139 of the 201 neurons isolated were appropriately responsive, and 74 neurons were studied completely. In V4, attempted studies were made on 175 of the 244 neurons isolated with 74 neurons being completely studied. The lower percentage of complete studies in V4 was directly related to the longer time required to characterize V4 response properties, due primarily to the greater variability in response properties from cell to cell within a penetration. Sampling was distributed across all lamina in each visual area with the exception of layer 4 in V 1, where very few neurons were studied because of difficulties encountered in maintaining isolation during the long course of the attention experiment on the high spontaneous rate neurons in this lamina.
Responses to stimuli at attended and nonattended locations After the initial quantitative mapping of the activation area of the receptive field, the directed attention paradigm was used to access the responses to stimuli presented at attended and nonattended locations. Arrays of stimuli, positioned so that only one stimulus was within the receptive field, were presented on 85% of the trials. In 34 out of the 96 ( 35% ) neurons studied in V 1, a statistical difference (AN-OVA attentive condition vs. orientation, P < 0.05) was observed between the responses elicited by identical optimally oriented stimuli when attention was directed toward versus away from the receptive-field location. Figure 3 illustrates response rates observed for four Vl neurons as a function of stimulus orientation and the two attentive conditions. Each of the depicted neurons had spontaneous activities of <2 spikes/s. Each plotted point represents a response averaged from a minimum of six trials. For these neurons the response to an optimally oriented stimulus was greater when focal attention was directed toward the receptive-field location ( 0) rather than away from it (0). Because of the practical limit on the number of behavioral trials that would be available during the study of each neuron, a quantitative study of the effect of attention on the orientation tuning profile was not attempted. Instead, attentive comparisons were made at the preferred orientation as estimated during the baseline task and at several additional orientations whose selection was based on estimates of the width of the tuning curve and the requirements for balancing the discrimination task. Occasionally, an extended set of orientations could be obtained, and, like those shown in Fig. 3 , the observed differences between attentive conditions (ANOVA post comparisons, P < 0.05) were usually limited to stimulus orientations near the peak of the orientation tuning profile. Even for Vl neurons with broad orientation tuning but clear preferred orientations, significant differences were usually limited to orientations near the preferred orientation. These observations are qualitative in nature but suggest that both the intensity and incidence of the experimentally observed effect may have been diminished by inaccurate estimates of the peak of the orientation tuning curve during the experiment that resulted in the choice of test orientations that were not optimal.
Similar observations were made in V2 where 29 out of 74 ( 39%) neurons showed significant differences in the response to optimally oriented stimuli when attention was directed toward versus away from the receptive field. Figure  4 shows orientation profiles for four V2 neurons under the two conditions of attention. Clear response differences again occur only for near-optimal stimulus orientations. Significant differences at nonpreferred orientations, and not also at preferred orientations. were observed in four V 1 Beyond this range the behavioral task became too difficult for the animals to perform routinely.
Bottom left: receptive-field sites for penetrations passing into V2 from VI. Entry into V2 could be recognized by a peripheral shift of receptive-field locations relative to those in the immediately overlying Vl cortex.
and five V2 neurons all of which were broadly tuned for orientation.
In area V4, 33 out of 74 (45%) neurons showed significant differences in the response to optimally oriented stimuli. Figure 5 illustrates the effect of focal attention on the responses of four V4 neurons. Orientation tuning in V4 is typically broader than that in VI and V2, and differences between attentive conditions occurred over a broader range of orientations, sometimes at all or a majority of the orientations tested, and in some cases, significant differences along the flanks but not the peak of the orientation tuning profile (see Fig. 5B ).
Area V4 neurons did not show any marked quantitative differences from Vl or V2 in terms of their responses within different attentive conditions. Approximately the same percentage of cells showed similar effects. However, in both Vl (24/ 34) and V2 (2 l/29), 70% of the neurons had greater responses when focal attention was directed toward the receptive-field location. Area V4 neurons were approximately evenly split between those that showed a greater response to the stimulus when attention was directed to the receptive field 58% ( 19 / 33 ) and those that had a reduced response (Fig. 5, B and 0) . Figure 6 illustrates trial-by-trial evoked responses in raster format for three pairs of neurons from V 1, V2, and V4. For all neurons studied, the trials were randomly mixed and are sorted in Fig. 6 according to the two focal attentive conditions, either with attention directed "toward" or "away" from the receptive-field location. For the VI and V2 neurons the average discharge rates clearly indicate a greater response for the condition where focal attention is directed to the area of the receptive field. For V4, examples of the opposite relationship are shown. In each case these rasters illustrate that the effect of cuing attention to the receptive field is apparent from essentially the beginning of the visual response, suggesting that some preparatory change had occurred before the receipt of stimulus information. Neurons showing attentive condition differences were not significantly different as a group from other neurons in terms of response latency to array onset. The average latencies for showing an attentive effect versus those that did not are for VI, 47.9 versus 46.2 ms; for V2, 49.3 versus 49.2 ms; and for V4, 6 1.6 versus 58.7 ms.
Single versus multiple stimuli at attended and nonattended locations
On 15% of the trials, only a single stimulus was presented, always in the receptive field, instead of an array of stimuli. For these trials, only two orientations were presented to the receptive field: the preferred orientation and its mirror image about the vertical (to satisfy the behavioral requirements for balanced presentations). On one-half of these trials ( 7.5%), cuing was exactly the same as for multiple stimulus arrays; the cue always designated the actual location of the upcoming stimulus. For the other 7.5% of trials, a different cuing strategy was used. For most neurons a spatially neutral condition was used in which the array of cues was not reduced to a single cue, and the single stimulus was presented on top of the cue array (see METHODS).
The spatially neutral cuing strategy provided a control for the presence of the cue in the field. For about one-half the neu- All circles depict significant responses above background levels. Differences between attentive conditions were found primarily at or near the peak of the orientation tuning curve.
rons, an additional condition was used in which a misdirecting or invalid cue was given and the single stimulus was presented at an uncued location. Both of these cuing strategies represent conditions in which focal attention is not directed at the receptive-field location when the stimulus is initially presented. For single stimulus conditions, comparisons could therefore be made between trials where focal attention was directed at the receptive field from the onset of the stimulus and trials where it was not (at least initially) directed at the receptive field. Comparisons among all three cuing strategies were available in 11 neurons out of the 26 neurons that had differences between valid and spatially neutral conditions. Three of these comparisons are shown in Fig. 7 . In 8 of the 11 cases, the response to the valid condition was significantly different (P < 0.05 t test) from the response to both the invalid and spatially neutral cue conditions. In the remaining three cases the invalid condition was not different from and fell between the other two conditions.
The small number of cases in which these single stimulus conditions could be compared resulted from the observation that the majority of the neurons examined in each visual area became sensitive to the focal attentive conditions only when competing stimuli were present in the visual field. Only one-third of the neurons that responded differentially under multiple stimulus conditions also responded differentially under single stimulus conditions, as shown in Fig. 8A . To determine whether increasing the density of the array recruited neurons to the population that displayed attentive condition differences, the multiple stimulus data were broken down according to array size. Comparisons were made between attentive conditions within each subgroup.
For Vl and V2 neurons, recruitment across these array sizes was not a major factor. Eighty-one percent (2 l/26) of the Vl and 87% (2 l/24) of the V2 neurons tested with two array sizes and, displaying a differential response between attentive conditions to either or both sizes, showed a statistical difference when the smallest array was used (see Fig.  8B ). For area V4, on the other hand, the majority of the neurons fully tested ( 18 / 27 ) required the larger array size before differences due to the attentive condition reached significance. Figure 9 shows examples for four V4 neurons. In each case the differential response associated with the attentive conditions occurred only when the larger array size was used (ANOVA post comparisons P -c 0.05 ).
Dlrerences in attentive regulation of yesponses
The majority of differentially responsive neurons in V 1, V2, and V4 had higher discharge rates when attention was directed at the receptive field than when it was directed elsewhere in the peripheral visual field. Because this could occur as a result of either a relative increase or decrease in neuronal activity, the two attentive condition responses were compared with the "baseline" response obtained during the determination of the orientation sensitivity in the preliminary response characterization paradigm. Two basic patterns of relationship were observed between these sets of (-) or away from ( ---) the receptive-field location just before stimulus presentation. Standard error bars are shown for responses having significant differences. All circles depict significant responses above background rates. Differences between attentive conditions were found at or near the peak of the orientation tuning curves, including the case illustrated in B, where a decrease in response is associated with attention toward the receptive field. attributable to a low orientation sensitivity in the group of eight neurons that had a decreased response in the attend toward condition. Although this suggests an interesting relationship, the number of neurons is small, and similar relationships did not appear in VI or V4. 
DISCUSSION
Although sensory processing in primary visual cortex (Vl ) is clearly modified by the major behavioral state changes associated with sleep and wakefulness (Livingstone and Hubel 198 1 ), previous studies have suggested that selective processing associated with directed attention does not occur in the initial stages of cortical processing. In the experiments reported here, the effects of focal attention were examined in visual areas V 1, V2, and V4 with the use of a paradigm that requires an orientation discrimination at the focal attentive site in the presence of distracting stimuli. The results indicate that directed focal attention does result in changes in the response of some V 1, V2, and V4 neurons to otherwise identical stimuli at spatially specific locations. One of the principal conditions for observing this effect appears to be the presence of competing stimuli in the visual field. About one-third of the neurons studied in each visual area were affected by focal attention, and of those neurons -67% in each area demonstrated the effect only Response rates for single stimulus conditions comparing different cuing strategies and for the small array condition for 3 neurons. Filled circles ( -) represent the response in the valid cue condition and when attention is directed toward the receptive field in the array condition.
Open circles (---) represent the response in the invalid cue condition and when attention is directed away from the receptive field in the array condition. Open inverted triangles represent the response in the spatially neutral cue condition for the single stimulus trials. The spatially neutral condition and the invalid condition produced similar results and differed from the valid condition.
The single stimulus differences were similar to those in the array condition. reflect the broader tuning of orientation sensitivity in V4 neurons. when more than one stimulus was in the visual field. A denser array of competing stimuli was often required before the focal attentive effect could be demonstrated in area V4 compared with areas Vl or V2. Response changes associated with focal attention were observed in individual VI and V2 neurons primarily for stimulus orientations near the neuron's preferred orientation. In area V4 a broader range of orientations were affected, although this may only
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Temporal and spatial controls
In the current paradigm, as in other psychophysical paradigms (Posner 1980 ) a peripheral cue was used to designate the location of the target stimulus before stimulus pre- Right: on the other hand, for 80% of the V 1 and V2 neurons tested with 2 different array sizes, the smaller number of competing stimuli was sufficient to produce a differential response. For V4 neurons if the differential response was not present for single stimuli, the denser array of stimuli was usually required to reveal an effect.
sentation. This procedure places a cue stimulus in or near the receptive field before the presentation of the target stimulus. A local transient sensory event associated with cue onset was avoided in this study by using the removal of distant "false" cues as the temporal event that marked the onset of the cue event. This method of cuing has been shown to summon attention to the peripheral site over a relatively short span of time after presentation of the cue. The cue to stimulus interval that provided best performance in preliminary studies and that was used in this study (200-400 ms) matches that reported for humans in a similar paradigm (Nakayama and Mackeben 1989). The spatially neutral cuing condition provided a control for the presence of the cue in the receptive field. In this condition as in the valid cue condition, a cue was present in the receptive field. As shown in Fig. 7 , the spatially neutral and valid cuing conditions resulted in different responses. The response in the spatially neutral condition was similar to the response in the invalid cuing condition. The observed response patterns thus suggest a similarity between spatially neutral and invalid cuing in terms of the direction of attention (in both cases attention was not directed at the receptive field) rather than a difference in terms of the presence or absence of a cue in the receptive field. As also depicted in Fig. 7 , the response distinction between valid and spatially neutral or invalid conditions is present irregardless of the net increase or decrease of the attentive effect. In addition, the observed differences related to array size (see Fig. 9 ) can be viewed as a post hoc control for the cue-stimulus interaction. The receptive-field cue and stimulus relations are exactly the same for the two array sizes, yet the attentional effect differs between them for some neurons.
Comparisons with visual orienting paradigms
Differences between the results reported here and those in previous studies (Mohler and Wurtz 1977; Robinson et al. 1980) in which spatially selective responses were not found in VI and V2 neurons may have arisen because of differences in the behavioral task, the stimulus conditions, or the time course of summoning focal attention to the receptive-field location. The saccadic enhancement paradigm used in earlier studies has demonstrated spatially selective visual responses to targets of immediate visual orienting in superior colliculus, frontal and parietal visual cortex, and in prestriate area V4 (Fischer and Both 198 1; Wurtz et al. 1980; Yin and Mountcastle 1977) but not in V 1 or V2 (Mohler and Wurtz 1977; Robinson et al. 1980) . The enhancement effect is closely associated with the orienting response, and its selectivity is observed in relation to the choice of targets to which attention is directed. The activity differences observed in this study are presumed to be associated with the processing of feature information (stimulus orientation) at the focal attentive site, and not the attentive orienting response itself, which occurs before stimulus delivery in this study. The intent of the cuing procedure used in these studies was to summon focal attention either to the receptive field or specifically away from the receptive field for several hundred milliseconds after the cue, during which time the stimulus was presented. This timing arrangement should have allowed changes in neuronal sensitivity to occur before stimulus onset. The actual temporal parameters chosen were based on behavioral performance as discussed above. These conditions are consistent with the observation that differences in neuronal sensitivity were in fact apparent from the beginning of the response ( see Fig. 6 ). Other behavioral paradigms using sequential matching or recognition strategies have reported that primarily late components of the visual response are related to feature-specific processing (Haenny and Schiller 1988) . Such component differences were not observed in the present experiments, presumably because attention was directed to target locations before stimulus presentation. The distinction between feature extraction and visual orienting appears to underlie the difference between previous studies and the present study and supports previous suggestions (Haenny and Schiller 1988; Mohler and Wurtz 1977) that these processes are physiologically separable.
Single versus multiple stimuli in the visualfield Psychophysical studies have shown that directing attention to a particular spatial location just before stimulus presentation can markedly improve detection and discrimination performance (Eriksen and Hoffman 1972; Krose and Julesz 1989; Nakayama and Mackeben 1989; Posner 1980; Prinzmetal et al. 1986 ). The behavioral performance benefits derived from spatial cuing paradigms are particularly apparent in situations where the target stimulus shares features with other stimuli in the visual field. In fact, cuing provides relatively little performance benefit if the target stimulus is conspicuous in the field, such as when it is presented against a homogeneous background, contains a unique stimulus feature, or is presented in repetitive blocks of trials (Grindley and Townsend 1968; Nakayama and Mackeben 1989; Posner et al. 1980; Prinzmetal et al. 19 86 ) . Behavioral performance differences between single and multiple stimulus conditions have also recently been observed in a lesion study involving area V4 (Schiller and Lee 199 1) . After V4 lesions in that study, stimuli that were easily detected when presented singly were more difficult to detect in arrays of stimuli, particularly when they were physically less conspicuous than the other stimuli in the array. These psychophysical observations are paralleled by the physiological observations presented here, where there is a relative lack of differential processing between the attending conditions for single stimulus presentations as compared with those observed for multiple stimulus presentations.
One hypothesis regarding focal attention is that it filters out sensory information about unattended stimuli and preserves the processing of events in the focal area. Thus in this study increasing the number of stimuli in the array could increase the focal attentive processing requirements and result in increases in the number of neurons displaying attentive differences. In areas VI and V2 most neurons showed only a step function distinction between single and multiple stimulus conditions. A difference between attending conditions did become apparent for a substantial proportion of V4 neurons only when the larger arrays were used. Given the relative sizes of the receptive field, one might have expected differences related to the number of competing stimuli to occur first in V4 with its much larger receptive fields. In this study only one stimulus was ever placed within the 
